v
N

A
)

LR

CrR /342 E3

LOCKHEED ELECTRONICS COMPANY INC.

HOUSTON AEROSPACE SYSTEMS DIVISION

16811 £ caMIND REAL L] HOUSTON, TEXAS 77058 ©

TELEPHONE [AREA CODE 713) 4B8-0080

Ref: 6421161
Job Order 73-715
NAS 9-12200

TECHNICAL MEMORANDUM

FINAL REPORT ON ACTION DOCUMENT
63-0497-3715-05
"Quality of Signaturest

by

b e EAwinP.JF.Ken
{(NASA-CE-134263) QUALITY CF SIGNATUHES N74-22053
lFinal Report {Lockheed Electronics Co.)
|

18 p HC $4.C0 CSCL 058

Unclas
. ... . 133/13__38188

App.roved: @7" Q/Qp@&-/‘;_n -

F.E. AlzégbanSupervisor,
Measurement Analysis Section,

Data Applications and Physies
- Department

hpril, 1974

Distribution: (see attached page)

LEC-3175

ASUBS IO ARY OF LBCEHEEDS AITRCRAFT CORPO R AT LB N



SUMMARY

Three conclusions are .drawn on the usability, inherent variations,
and noisge espects of theAspectral signatures r eCGSSEd from data collected
by the FHeld Slgneture Acqulsltlon Syetem (FSAS) Future tasks of

51gn1f1cance are cleo recommended . L

This report closes the eetlon document 63 M9T 3715 05 entitled
Quallty of Slgnetuves . Conelusions from thlS'WDrk are based on the'
spectral data collee+cd from winter wheat of the 1972/73 season, gravn

at Texas A&M Unlver31ty, College Station, Texas.
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1. OBJECTIVE OF ACTION DOCUMENT

Action Document 63—0&@7-3715-05,-éntitled “Quality of Signatures”,
has been designed to investigate spectral signatures processed from data
collected by the Field Signature Acquisition System (FSAS). The three
objectives of the Aqtion Document. are:

(1) 7o study\w%ys of reducing noise levels in the signatures.

(2) To investigate the necessity of using afher attributes to
describe the signatures, e.g., using the shape of the
signature curves.

{3) To investigate data proceséing problemé due tojinsufficient

data.

|
|
i
i
|
E
V



2, SCOPE OF ACTION DOCUMENT

To accomplish the objectives of the Action Document, spectral data

collected from winter wheat grovm in the i972)73jseason was used for

analysis. This set of FSAS data wss collectedlduring a Tield trip to
Texas A&& Universitj,'CollegEJStétibn, Texaé 6? April 10, 1973; the
field trip was made ﬁnﬂer Actioh Docunent 63;0 57-3333~32, dated
April 3, 19?3't0 July 6; 1973. The growth stage of the investigated
winter wheat was six (6) weéks avay from harvesting,
’ |

Analysis activities vere coordinated with C. Harlan and D. Loe§

Harlan was the chief inveéfigator for Aétiqn Documeqt-63-0257-3333-32,7

and Loe wss the programﬁer and. analyst procsssing tﬁe FSAS data.

The present Action Document "Qﬁaiity of Sigmaturés" was initiatea
on December 5, 1973 and scheduled for a span of three (3) months. How-
ever, due to tn= 1mpact of other progects of higher prlorlty requested
by NASA/JSC in the same.period,‘the author was only available to work
on this Action Documént for a small fraction of his time. Thus, only .
the first obgectzve rEqulred Of this Acticn Document was accompllshed
Tyo . other major conclusions on the quallty of FBAS spectral 51gnatures

were also drawn from th1§ gffort; as stated in the following section.



3. MAJOR ACCOMFLISIMENTS AND CONCLUSIONS

On analyzing the winter wheat dats made available to this author,

three conclusionsAwére drawn concerning the guality of the spectrél

signatures collected by the FSAS system:

(l) A smoothing process can be used to effectively reduce noise

(2)

(3)

levels in FSAS signatures, and thus improve the quality of
these -signatures.

The violet and blue portions (spectral wavelength between

0.4 and 0.55 micron) of the signatures are unrelisble, and

should not be used for analysis., -
Inherent instyument variztions often cause fluctuations in
slgnature values of as much as 0.05 units in a scale of O

to 1.0. Such information is wvital in analyzing FSAS signatures

using clustering procedures such as the JSC program ISOCLS.

Appendices A, B, and C explain how these conclusions are derived.



4. RECOMMENDATIONS FOR FUTURE WORK

The following work is recommended for future investigstions on

FSAS spectral data:

(1)

(2)

Identification of the relationship between signatures obtained

by FSAS and signatures obtained by airborne sensors---The
ultimate_ﬁse of FSAS signatures is to provide signhature banks
fqr classification studies on data éolieqted‘by airborne
sensors. Thus, it is imperative to find ocut how FSAS signa-

tures can be translated into sigratures as seen by airborne

SENSOrS.

Disceriminability studiss between signatures of different

i

featureé—--Signatures other than those of winﬂer wheat should

be procured in order to study the separability between

-

different features. ©Such studies will also afford further
opportunities to determine whether or not additional attributes

need to be employed to describe features, e.g., using the |

shape of signature curves.



APFPENDIX A

A SMOCTHING PROCESS TC REDUCE NOISE LEVELS IN FSAS SIGNATURES

The following smocthing process was used on the wheat data and
found to be of practical use: Figure A-1L and A-2 show the spectral

signatures, smootheq and unsmoothed respectively; Figure A-3 and A-4

i

show the target/panel radiance readings, smoothed'énd unsmoothed
respectively. Refer to Appendix D for notations and for a discussion

on the process of obtaining spectral signatures from FSAS data.

(1) Obtain smoothed target radiance readings & 2

3 2
17 farre 1024

from the unsmoothed target radisnce readings xi, Xys sees

xlOEh’ where ) | ;

L C
= = =+ 4 + +
5 (g p ¥ 3y ¥ xg vxg Fx)

A
27 "2 Jipp)

from the unsmoothed panel radiance readings ¥y» yg, ceuy

(2) Obtain smoothed panel radiance readings 91, $

Y1024 where

A —
yi i

BRI

+ o4 + +
g ¥ Wy vy ¥V yi+2)

(3) Obtain smoothed spectral signature values gl’ %2, cees

A - .
Z1 ook by ratiocing the smoothed target readings X, to the
smoothed panel readings yie That is

R ,
a3 = Xi/yi



Obser?ations

This process was found to be able to eliminate undesirable spikes
in the unsmoothed signatures, while the "main information" in the signa-
tures is still conserved. This is appéreqt upon comparing Figure A-1

torFigure A-2,

Other similar sméothing'algorithms can be designed snd employed
effeétiﬁely, as.léng'as the smoothing précess dogs not suppress the
"main Iinformation", especially the "high frequency® components in the
readlngs curves, Forﬁulation of the "information contents" and the
"frequency components” in TSAS data, and a;study_of the éonseguences

of a smobthing procéss, can Be pursued along the lines of digital
filtering theory, but are out of the scope of this feport.
Conclusion

A smoﬁthing process such as that described above could be employed

effectively to reduce noise levels in spsctral sigratures obtained from

FSAS dataﬂ
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9



¥

Terget readings {x;}/ Panel readings {y;}

0.092%
6.0375
0.9325
8.0215
00225
0.0175
u.nszﬁ
0.0015
0.0025

-0.002

b=t
sty
Y

U 101 L . . 15000 - ©20099 25050

' vave-number (cm:1)
i : 1 . . } l !_L_

1 -+ - T T

2.0 - 1.0 . 0.6 . 0,55 0.5 wave-length (micron)

FIGURE A-L

Unsmoothed radiance readings of target (i.e., winter wheat ), {x,}; and of
panel (= flghly;reflectlve diffused reflector), {Ki}' {Ki}/{yi? are obtdined
by the FSAS swstem.
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APPENDIX B

REASONS WHY THE VIOLET AND BLUE PORTICNH OF FSAS SIGNATURES ARE UNRELIABLE

Assertion
- The violet - and blue portion (speetral.wave-length between 0.4 and

0.55 micron) of FSAS signatures is unreliable.

v

‘Beagcning

This assertion is apparent from exsmining Figure A-2, which is a
" typical ugsmoothed‘FSAS signaﬁure. The reason why nolse spikes'ére S0
dense and significant in this spectral portion (0.4 to 0.55 micron) is
.explained as‘follows:‘ |

Thg spectrazl siénaﬁure Z4 being genexated from the target
readings X, and the panel reédings -yi by ratioing, i.e.,
Azi = xi/yi (refer to Appendix D for a discuséion of thig process), the
.following Equationg'show the deviation of-the processed signature value

z from its true value'zo when a deviation ax occurs in the measurement

of the true x and a deviation of' ay in the measurement of the true yO:
, ‘ o]

Measured target reading = x = X + Aax
Measured panel reading = y = ¥, + ay

Troe signature value = z_ = x /v

Q"0
‘Processed signature value = z = x/y
= x T Ax
o
+ ‘ -
Ya Ay 1+ ;;X
= (true signature value) 1 4 oY (B1)
Nj
o)
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In the spéétral interval 0.5 ~ 0.55 micron (blue region of the
spectrum), a y«:<yb;‘gxy (and & x) being instrument variations. Thus,

equation (Bl) can be approximated as

Ax
o)

&) QO

.) g

- z ~z + (

In the same spectral interval, x  is small and is of the same order of
magnitude of ax (thié-sﬁatemeht is generally brue for FSAS measurements).
Thus, the signature value z in the blue spectr 1 interval has an error

of the order of lOO%;énd is unacceptable by normal standards.

In the spectral interval between 0.4 and 0.5 microh (violet region),
x and y are too small in magnitude to.prbdﬁce;any méaningful ratio z,
‘since the érroy in each observable is the same order as the quantity -

ohserved,

The,aﬁove argument,hés explained whyrthe ﬁnéﬁooﬁhed FBAS signature
(Figure A-2) is 80 noisy and thus unreliable in the violet éné bluse
region (0.4 to 0.55 micron). concerﬁing the reliability of the smoothed
signature exhibited iﬁxFigure A-1 in the géme spectral region, it_ShDuid
bhe remembered that, in géneral; smoothed curves are special interﬁret-
a£ions oflthe unsmoothed curves.i Whiie the unsmoothed signature values -
Tluctuate s0 extremely'in #he violet épd blue region, asnd while careful
madeling of the n&iée effects snd their rémoval have not béen_performed,

the smoothed values In this spectral region are valid FSAS Signatures

12



to the extent of the validity of the smoothing process used. Therefore
data processing procédure validity should be established before asny

claims are made to & unique FSAS glgnature.

13



APFENDIX C

FLUCTUATION OF FSAS SIGNATURE VALUES DUE TO INSTRUMENT VARIATIONS

On analyzing the FSAS wheat data made available to this author,
it -is observed that repeated observation of the same target produces
spectral signatures which have values that vary as much as 0.05 units

in a scale of 0 to 1.0.

This type of information is vital to the proper usage and inter-
pretation_of the results from'a clustering analysis on FSAS sigﬁétures.
The J5C clustering computer program ISOCLS*Krequires a value for the
. input parameéer STDMAX, whiéh governs the size of a2 nominal-sized
cluster, Td use iSOCLS to cluster FBAS signatures, a valﬁe of 0.02

for STDMAX is thus suggested.

* Reference: L. P, Kan, 'The JSC Clustering Program ISOCLS and Its
Applications”, Lockheed Flectronics Company, Inc., Houston, Texas,
' Technical Report LEC-0483, July 1973. '
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APFENDIX D
THE PROCESS OF OBTATNING SPECTRAL SIGNATURES (% REFLECTANCE CURVES)

FROM FSAS DATA

The FEAS system derdves spectral signatures, i.e., per cent
reflectance curves .of physical targes in three steps:
(1) Obtain radiance readings 15 Xpr wevs Xyoo) of physical
target. Resdings are approximatély 23 wave-numbers apart

from cne another, % being at wave-number 1601 and XlOEM

at 25,600 where wave-number denotes 1Q,OOO/Wave-length

(in micron). _ i

Lok o% a white (barium

sulphate ) panel, which represents a highly reflective diffused
. i

{(2) Obvtain radisnce readings ¥y ye} cees ¥

reflector. These }02& readings are taken at fhe same wave-
mmbers as xl, x2, ‘e XlOEh"
(3) Obtain the spectral signature, i.e., per cent, reflectance

values of the physical ﬁarget 295 ZQ’ sees Bygols by ratioing

the target readings to the panel readings. That is

7, = xi/yi.

The Xi, Iy and zi values for a winter wheat target are plotted

in Figure 4-2 and A-L. The plot of the %, values constitutes the

spectral signature of the target.
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